the Association of Clinical Pathologists. To all of these other bodies he was, of course, well known and was much respected by them, which made liaison in the early days so much easier.
He also had the gift of keeping all members of the A.C.B. informed at general meetings of all that was happening at home and abroad, so that he carried the members with him in his work for the growing association. He was accessible to all members, but gave especially valuable advice to Council members charged with special duties. This help was not confined to scientific matters, but extended to all things concerned with the status and training of biochemists and to the standards of work done in laboratories everywhere. Up to the end he was one of the Scientific Advisors to the Minister of Health on clinical biochemistry.
On looking back at all that Professor King has done for the A.C.B. and knowing that this work continued up to the day he died, it must be realised that he leaves a gap which can never be filled. He was a fountain of strength nourishing all aspects of clinical biochemistry with wise advice, new ideas and far-sighted plans. We are deeply grateful for all that he did for us. We mourn the untimely loss of a great friend and wise counsellor.
R. Gaddie The Symposium was opened by Dr. H. A. Sissons (Institute of Orthopaedics, London) who discussed the " Structural Aspects of Bone" in a paper describing the various types of bone and structural arrangement. He said that the structure is usually considered in terms of the fibre pattern (" lamellar" or " non-lamellar ") and general arrangement (" compact" or " Cancellous ") of the tissue.
Additional quantitative parameters of bone structure are of interest in connection with the study of metabolic bone diseases. One of these is the amount of bone tissue present in any particular site ; this can readily be determined from histological sections. Another parameter is the rate at which structural replacement (sometimes referred to as "turnover") of bone tissue is taking place ; its measurement involves, ideally, the use of some vital marker such as tetracycline. Information on normal bone structure was reviewed and the implications with regard to diagnostic work discussed.
Much information concerning the mineralization of bone tissue had become available through the development of techniques for the preparation and examination of sections of undecalcified bone tissue. X-ray absorption techniques (microradiography) had also been applied to bone, tissue, usually to "sections" prepared by grinding, and had made it possible to study variations in the degree of mineralization of different areas of tissue.
Dr. Sissons also pointed out that bone did not act as a homogeneous material and that the mechanism of bone resorption was not understood.
Dr. P. Fourman (Dept. of Medicine, Royal Infirmary, Cardiff) read a paper "Applied Physiology of Bone". He discussed the calcium and magnesium reserves of the body, stating that there was I kilogram of calcium present, 50,000 m. eq, in equilibrium with 50 m. eq. in the ECF, and that one half of the body magnesium was in the bone. He, too, emphasized that we do not know how bone was formed and that all collagen was not calcified, referring to the new concept of the presence of an inhibitor of calcification in collagen other than bone. He went on to discuss the role of the parathyroid hormone in maintaining the level of the plasma calcium and the possibility of the existence of two parathyroid hormones. Dealing with the absorption and excretion of calcium and phosphate, Dr. Fourman spoke of the tremendous variation in the absorption of these ions from the gut, the effect of variations in the dietary calcium and phosphorus and of various diseases on the excretion. He expressed the opinion that a calcium balance experiment of less than 12 days duration was valueless.
He concluded with a discussion of the disturbances in the calcium and phosphorus equilibrium caused by the effect of growth, pregnancy and disease and the effect on health caused by hypo-and hyper-calcaemia. Dr. J. Anderson (King's College Hospital Medical School, London) gave the paper "Metabolic Bone Diseases and Diagnostic Procedures". He opened with a description of generalised bone diseases and of the problems involved, of the way in which the commoner diseases presented clinically and emphasized the difficulties of diagnosis in the older age group when complicated by other disorders, giving as examples, the hypercalcaemia in patients with rheumatic arthritis and the complication of pancreatitis and gastic ulcer in hyperparathyroidism. He outlined the common screening tests-x-ray, serum calcium, urea, phosphate and protein and urinary calcium determinations. Commenting on the biochemical tests, he spoke of the difficulty of obtaining complete specimens in balance studies. Blood for serum calcium and phosphate estimations should be collected from the fasting patients at a standardised time of day. Phosphate clearance experiments were only of value if performed by experts.
The estimation of urinary calcium excretion of patients having a low calcium diet was of value in many cases. Dr. Anderson pointed out that in all cases presenting abnormal calcium and phosphate levels, other tests must be done to eliminate causes other than bone disease. He concluded with a discussion of the usefulness of isotope data, bone biopsy and tests of hormonal function in the diagnosis and treatment of the isotope data, bone biopsy and tests of hormonal function in the diagnosis and treatment of the various metabolic bone diseases.
Dr. J. Ball (Rheumatism Research Centre, Manchester) presented" Histological Diagnosis in Metabolic Bone Disease". He said that bone biopsy of a standard site, e.g. a trephine biopsy of the iliac plate allows a crude assessment of (a) the amount of unmineralised bone, (b) the rate of bone deposition and resorption and (c) the total amount of bone.
The biopsy should provide a section surface of at least 0·5 cm 2 • However, defects could easily occur which caused artefacts, difficult to evaluate. For (a), undecalcified sections are advisable and may be readily prepared from blocks double embedded in low-viscosity nitrocellulose and wax, and cut at 7!J. on a sledge microtome. Normally osteoid fragments rarely exceed twelve in number per 0·5 cm 2 and 12!J. in thickness. In most cases of osteomaiacia, the number of fragments exceeds 20 and usually most of the bone surfaces are covered by osteoid greater than 12!J. in thickness.
An increase in the rate of bone deposition is signified by the presence of sheets of plump osteoblasts on bone surfaces. Normally osteoblasts form a discontinuous layer of flat spindleshaped cells. The absence of osteoid fragments suggests reduced bone deposition. In a section of iliac plane 0·5 cm 2 it is exceptional to find more than one osteoclast. Increased bone resorption is evidenced by greater numbers of these cells and by the ragged edges of bone trabeculae whether osteoclasts are present on the eroded borders or not. When bone resorption is relatively rapid the area of bone loss on individual trabeculae is precisely replaced by fibrous tissue; this process is seen in varying degrees in various metabolic bone diseases.
The total amount of bone can be assessed visually or, more accurately, by area measurements of bone in a standard section. In clinicopathological practice, the latter is probably unnecessary as in most cases the diagnosis of osteoporosis is arrived at by exclusion of other causes of increased radiotranslucency, such as osteomalacia and neoplasm.
Primary hyperparathyroidism-most difficult to diagnose. In bone areas not grossly involved radiologically, the main feature is the presence of fibrous plaques filling lacunae on bone surfaces ; the plaque mayor may not contain osteoclasts. There is increased osteoblastic activity but osteoid seams are not abnormally thick. Gross lesions are variable; they may contain giant cell tumour-like tissue, dense fibrous tissue with few giant cells, or fluid-filled cysts. In the local porotic lesion of Paget's disease, osteoclastic and osteoblastic activity are both greatly increased and some increase in cement lines can usually be found. Osteomalacia. Most bone surfaces are covered with unmineralised lamellar bone. Cancellous bone trabeculae are frequently denser than normal ; in other cases the total amount of bone may be reduced. Tunnelling osteoclastic resorption of the mineralised cores of the bone trabeculae may be seen ; in such cases unsupported osteoid fragments are a characteristic finding.
The different clinical forms of osteomalacia are similar histologically, but severe osteitis fibrosa is mainly seen in malabsorption syndromes and renal osteodystrophy.
Renal hyperparathyroidism. In the late stages of renal osteodystrophy the bone is mineralised but much of the normal lamellar structure is replaced by woven bone and there is fibrosis and increased osteoclastic activity. Osteoporosis. In many cases, bone trabeculae are thin and sparse but bone surfaces are smooth, osteoid fragments are inconspicuous (as in the normal) and there is no sign of osteoblastic or osteoclastic activity. In so-called idiopathic osteoporosis both osteoblastic and osteoclastic activity may be somewhat increased.
Dr. J. MacIntyre (Post Graduate School, London) then read a paper entitled" Chemical Determination of Calcium in Biological Material ". He spoke of three types of procedure in current use, flame photometric, EDTA titration and oxalate precipitation methods. Of the last, he said that direct precipitation of serum calcium by the addition of ammonium oxalate had long been the standard method in clinical chemistry. However, the method is tedious and depends for accuracy on the balance of errors. It is less accurate than the other two methods and should be considered outdated.
The chelating agent EDTA has a high affinity for calcium and can be used to titrate calcium 97 in plasma directly if a suitable indicator, such as calcein, is added to determine the end point. In the absence of an expensive flame photometer, this was the most satisfactory method for the estimation of plasma calcium but it is not directly applicable to urine and faecal acid digests.
Dr MacIntyre considered that flame photometric analysis was only possible with an instrument using a hot flame, a monochromator and a photomultiplier. This is the method of choice but the apparatus was very expensive.
The paper "Enzymes in Metabolic Bone Disease" by Professor E. J. King and Dr. D. W. Moss (Post Graduate Medical School, London) was read by Professor King who began by telling the story of the discovery of the enzyme capable of breaking down glucose-6-phosphate, first in yeast and then in bone. He went on to speak of the pioneer studies of Robison in elucidating the connection between alkaline phosphatase and bone metabolism but pointed out that although Robison's theories ofthat enzyme were no longer tenable, no satisfactory alternative had been put forward. Professor King discussed the methods and substrates used in determining the alkaline phosphatase and also the current status of alkaline and acid phosphatase determinations in the differential diagnosis of bone disease. He advised the use of~-naphthol-phosphateand the measurement of the Michaelis constant for defining the phosphatase enzymes. He concluded that recent investigations into the biochemistry of bone alkaline phosphatase had established that, while there was probably only one alkaline phosphatase in bone, this was different from phosphatase enzymes occuring in other tissues. It was now possible to identify positively the serum phosphatase as being of bony origin by a study of its properties.
Dr. P. G. Walker (Institute of Orthopaedics, London) followed with a paper "The Techniques of Balance Studies" and opened with a quotation .. Metabolic observation is only as strong as its weakest link. This is usually the hospital ward". He described the organisation and staffing of a ward and laboratory for the study of metabolic bone disease and stressed the need for dieticians, technicians and biochemists. Diets should be varied and the calcium and phosphate contents should be routinely checked by laboratory analysis. The techniques for the demarcation and sampling of urine and faecal collections and of the analytical procedures were described. The methods outlined were conventional but had been selected for speed and accuracy and full balance studies on four patients, using six day collection periods, could be carried out by one technician. Dr. Walker concluded with the observation that balance studies are very tedious and should only be carried out when fully justified.
The "Application of Tracer Studies to Diagnose in Bone Disease" by Drs. Russell Fraser and C. F. Joplin (Post Graduate Medical School, London) affirmed that the use of isotopes in the diagnosis of bone disease was still a research tool. For these studies there are available isotopes of P, Ca and Sr, but only the latter are used for bone problems because of the widespread extra-osseous involvement of P. Within the body Sr very closely minors Ca, although its absorption is slower and its excretion faster. Diagnostic tests are made with Ca 47 , Ca 45 or Sr 85 . Ca47, however, is always contaminated with Ca 45 . Tests of net absorption of Ca may be made with these and an index of absorption obtained from the two to four hour serum. levels, the early (2-6 or 0-24 hours or 1-24 hours) urinary specific activity, or wholebody counts at seven to ten days. Here the associated diet and gastric emptying rate are important variables; but reliance on faecal collections is avoided. The proportion of an intravenous dose discharged into the faeces also gives an index of net absorption of Ca. '
Measures of the bone turnover of Ca may also be made following an i.v. dose of tracer. The usual measurements are those of serum and urine concentrations to derive indirectly the exchangeable Ca space, and the bone uptake or accretion rate. With the availability of Ca47 (or by using Sr 85 ) local extremity or bone counts can also be used, but these need highly screened and collimated instruments. Such local counts have been found to be good early detectors of local skeletal disease. Such intravenous tracer tests have defined several states with a rapid bone turnover of Ca, whose demonstration may have diagnostic value-notably among normocalcaemic states, osteomalacia, and among hypercalcaemic states, hyperparathyroidism.
Professor C. E. Dent (Department of Medicine, University College Hospital Medical School, London) presented a paper entitled " Rickets and Osteomalacia". He stated that the problem of rickets and osteomalacia is largely made more difficult because nowadays we tend to diagnose only early cases. It is all the more important that the basis for the diagnosis should always be clearly stated.
Renal rickets is, however, a rare disease but more manifestations have been recognised. Professor Dent reviewed the criteria for diagnosis and said that although histology was the only true definition, unfortunately it was not always obtainable. He described the clinical picture, commenting on the occurrence of short legs, the shortening of the trunk and the collapse of the vertebrae. He gave examples of X-ray changes and said that these changes were highly specific when present, but in adults, severe symptoms may occur in the absence of radiological signs. Turning to biochemical changes, he spoke of the plasma concentration of calcium, phosphate, bicarbonate, urea and alkaline phosphatase and of urinary calcium. He said that in rickets there were low plasma calcium and phosphate, normal bicarbonate and high phosphatase levels. Professor Dent discussed the aetiology of the disease and of the many causes of rickets and osteomalacia, mentioning steatorrhoea, renal disease, vitamin 0 deficiencies, post gastrectomy and senile osteoporosis. He concluded that perhaps the response to treatment was the best final criteria that a correct diagnosis had been made because rickets of any origin can always be cured with treatment.
"Metabolic Aspects of Renal Osteodystrophy" was read by Dr. S. W. Stanbury (Department of Medicine, The Royal Infirmary, Manchester). His paper was concerned mainly with metabolic aspects of azotaemic (or " renal 'glomerular ") osteodystrophy but it showed that similar metabolic abnormalities may also underlie the osseous lesions in so-called "renal tubular" disorders such as renal tubular acidosis and the Fanconi syndromes.
Attempts to explain the development of renal osteodystrophy in simple terms of abnormal plasma biochemistry have failed. There are reasonable grounds to eliminate metabolic acidosis, hyperphosphataemia and abnormal values of the plasma Ca X P product as direct causes of defective mineralisation in renal failure-and the actual cause is still unknown. Similarly, although hypocalcaemia may provide the stimulus to secondary hyperparathyroidism, its cause is uncertain. It may develop in the absence of both hypoproteinaemia and hyperphosphataemia; it is not caused by hypercalciuria; it can be present despite significant parathyroid hyperplasia and an appropriate osseous response in the form of osteitis fibrosa.
During recovery from acute renal failure, whether this is occuring spontaneously or after extracorporeal haemodialysis, there may develop transient hypocalcaemia associated with hypophosphataemia.
The external metabolic balances in azotaemic renal failure reveal apparent malabsorption of calcium and phosphorus which seems not to be overcome by increased calcium intake. Similar findings have been obtained in the Fanconi syndromes, acute glomerulonephritis, juvenile nephrosis and some cases of renal tubular acidosis. Alternative evidence suggests that intestinal malabsorption of calcium may develop early after acute renal necrosis. Malabsorption alone, especially in the absence of hypercalciuria, will neither explain hypocalcaemia nor defective mineralisation-and the former must reflect a disturbance of the .. bloodbone equilibrium".
These metabolic features and defective mineralisation in renal osteodystrophy might be explained if the renal disease in some way neutralised the biological effects of vitamin D on bowel or bone. In fact, malabsorption of calcium and hypocalcaemia can be corrected by large doses of vitamin D, which also increases the plasma citrate, heals the rickets or osteomalacia and reverses secondary hyperparathyroidism.
In the absence of" vitamin D effect ", parathyroid hyperplasia may become gross, parathyroid bone disease may develop and the plasma calcium may be restored to normal or supranormal levels. The results of parathyroidectomy at this stage of the disease prove that the enlarged glands are functional and suggests that they may be autonomously hyper-functional. Drs. A. R. Harrison and H. M. Still (Institute of Urology, London) gave the paper" Disorders of Calcium Metabolism and Renal· Stone". Their paper dealt mainly with data obtained from the examinations of 500 cases of calcium containing stones of the upper urinary tract and the detection of disorders of calcium metabolism in patients who present simply as cases of renal lithiasis. They drew attention to the many causes of high urinary calcium and to the high level of urinary excretion of calcium in many perfectly normal people. Patients with renal stones should have the estimations of the blood urea, fasting plasma calcium, phosphate and alkaline phosphatase and urinary calcium routinely performed. They considered the 99 upper limit of urinary calcium to be 275 mg/24 hours.
The authors then gave a brief critical survey of the evidence that there is an association between certain disorders of calcium metabolism and the occurrence of calcium oxalate and phosphate calculi and went on to consider individual disorders, in particular primary hyperparathyroidism without bone disease and idiopathic hypercalciuria.
The general biochemical pattern in hyperparathyroidism was one of high plasma calcium and low plasma phosphate levels with high urinary calcium excretion. On a low calcium diet, 26 of 34 cases of this disease excreted more than 150 mg. calcium per day. There was, at present, no infallible test of hyperparathyroidism except surgical exploration. Some cases of idiopathic hypercalciuria excreted considerable amounts of urinary calcium even when on low calcium diets. The paper was concluded with some preliminary studies of the measurement of" free or ionised " urinary calcium in normals and patients with stones.
Dr. H.E.C. Nordin (Department of Medicine, Western Infirmary, Glasgow) read the final paper in the Symposium on .. Osteoporosis". This was defined as a reduction in bone mass without any change in chemical composition. This classical definition may, however, have to be modified in the light of recent observations suggesting a change in the quality of the bone protein and a reduction in the calcium/phosphorus ratio.
Osteoporosis may be classified into primary and secondary types and it may be localised or generalised. Among patients dying in general hospitals, generalised osteoporosis is present in about 25 % of the women and half that proportion of the men. In most clinical series however, the preponderance of women is very much greater.
The common form of osteoporosis is the primary generalised form. Examination of bones, post-mortem, suggests that this osteoporotic process in fact proceeds uniformly throughout the skeleton, and presumably manifests itself earlier in the spine (through backache) than in the long bones (through fracture) simply because there is far more mineral available for removal in compact bone than in trabecular bone.
The diagnosis of generalised osteoporosis may be made by radiology, or histology, usually of the iliac crest. The application of densitometry to the lumbar spine facilitates early diagnosis and there is a high correlation between reduced spinal density and the presence of backache.
Measurement of bone formation rate with bone-seeking isotopes probably over-estimates the true rate of bone turnover but may be a valid method of comparing bone formation rates in osteoporotic and normal subjects. When such comparisons are made, most workers find that the bone formation rate is normal in osteoporosis although certain workers believe it to be reduced. If the bone formation rate is normal, then the reduced bone mass of osteoporosis must be due to increased resorption, and histological studies suggest that this is, in fact, the case. Increased bone resorption could be produced by a primary change in the bone itself or could be secondary to negative calcium balance. Certain evidence favours the former concept, whereas a good deal of circumstancial evidence is in favour of the latter. Although dietary calcium intake is adequate for most individuals with a normal requirement, some individuals have a higher requirement than normal and some are taking very little calcium. Unless these individuals can adapt their output to their intake, negative calcium balance and osteoporosis must ensue. The mechanism of adaptation, therefore, becomes a central essential pr-oblem and it appears possible that failure of adaptation is the essential disorder in some cases of osteoporosis. The nature of the adaptation mechanism is, as yet, quite unknown.
In accordance with these general concepts, it is found that positive calcium balance can be produced by administration of calcium supplements and there does not appear to be any need for hormone therapy. It appears that such positive balance can be sustained for very long periods but convincing X-ray improvement has not yet been reported. However, backache can be relieved in the majority of cases with calcium supplements and there is reasonable agreement between relief of symptoms and the positive calcium balance achieved.
The most important forms of secondary osteoporosis are those due to steroid therapy and Cushing's syndrome, thyroid overactivity and hyperparathyroidism. It is also believed to occur in acromegaly. In all these circumstances it is possible-though far from proven-that negative calcium balance is the operative factor. (The Editor wishes to thank Dr: Sissons, the organiser of the Symposium, for providing abstracts of the papers, partly used in compiling this report).
G. Higgins The application of lactate dehydrogenase iso-enzyme studies to the diagnosis of myocardial infarction i~becoming increasingly well recognised (Wieme, 1959; Wroblewski and Gregory, 1960; Blanchaer, 1961; Latner and Skillen, 1961) . Since the techniques of separation, by electrophoresis or chromatography, may not be generally available, methods have been introduced which attempt to recognise the isoenzyme distribution by virtue of demonstrable differences in their effects on substrates other than that to which they are normally applied. For example, it has been shown that the isoenzyme band most prominent in heart tissue is that most effective as an IX-hydroxy butyrate dehydrogenase (Rosalki and Wilkinson, 1960) .
It has been demonstrated that the iso-enzyme prominent in heart muscle is more stable to heat than the others (Plagemann, Gregory and Wroblewski, 1961 ; Wroblewski and Gregory, 1961) . This can obviously be of clinical importance and we have therefore studied its possible application to the problem of myocardial infarction. Methods Each of the appropriate serum samples was divided into two parts. One of these was heated to 60 aC for one hour and the total lactate dehydrogenase in the unheated and heated sample determined by the method of Berger and Broida (1957) , as supplied by the Sigma Chemical Company. The ratio of activity of units per ml. after heating to units per ml. before heating is referred to as the" heat stability index".
